To understand the properties of coking coal and coke during carbonization process, changes in stacking structure of carbon and carbon aromaticity were estimated using the XRD and NMR measurement techniques for the different four kinds of coking coals thermally treated at various temperatures. In the XRD measurement, the comparison of the diffraction patterns of the coal samples with and without decalcification indicated the proposed method could successfully eliminate peaks from ash components in the diffraction patterns. After thermal treatment, the average number of stacking layers in all the samples increased around temperature of 400-500 °C and slightly decreased around 500-700 °C. In addition, the average number of stacking layers of each sample tended to be larger for sample with higher carbon content. In the 13 C-NMR measurement, the carbon aromaticity became larger for higher thermal treatment temperature, and the order of the carbon aromaticity almost corresponded with that of coke contraction ratio. 
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乾留過程における原料炭およびコークスの性状を把握するために，性状の異なる４種類の原料炭，脱灰処理を施した原料炭お
よび種々の温度で熱処理したコークスを対象に，XRD および 13 C-NMR を用いて石炭中の炭素の積層構造と芳香族炭素分率の変
Introduction
In coal which is a raw material of coke, both crystalline and amorphous exist and the crystal structure is stacking layers of carbon hexagonal net layer, which mainly consists of aromatic compound. In coke production process in which coal is heated in an inert atmosphere, the carbon hexagonal net layer is known to change 1) . The crystal structure is regarded as one of the factors which affect coke properties such as reactivity 2) and true density 3)
. Thus, to understand coke properties, it is required to evaluate crystal structure of coke and softening coal which is a raw material of coke and to examine changes in crystal structure during carbonization process.
To evaluate crystal and chemical structure of coal and coke matrices, X-ray diffraction (XRD), Raman Table 1 means the volume reduction rate of coke from the temperature at which contraction starts to temperature at which carbonization completes, which was measured using the same method as the previous study 9) . Each sample of about 800 g was pulverized into fine particles with a diameter of less than 150 μm using the crusher (Wonder Blender WB-1, OSAKA CHEMICAL Co., Ltd.), which were the samples before thermal treatment. The samples of about 2 g were heated up to 400, 500, or 700 °C with a heating rate of 3 °C/ min under Ar atmosphere using the thermogravimetry (STA449 F1 Jupiter, NETZSCH). After cooling down, the samples were pulverized into fine particles with a diameter of less than 150 μm again, which were the samples after thermal treatment. In addition, each sample was treated with hydrofluoric acid and then with hydrochloric acid, which was the sample with decalcification. The aim of decalcification of samples in this study is to distinguish the peak from ash and 002 of carbon and to validate the method to eliminate the peak from ash. The detailed procedure is as follows: The samples were immersed and stirred in hydrofluoric acid prepared to blend distilled water and hydrofluoric acid in 1:1 volume-ratio for one night, and were washed with distilled water and sodium hydroxide with concentration of 0.01 N. The washed samples were then immersed and stirred in concentrated hydrochloric acid for one day and were again washed in the same way.
X-ray diffraction (XRD) analysis
The diffraction patterns of the coal samples before and after thermal treatment and with and without decalcification were measured using X-ray diffraction show not only the broad peaks originated from graphite's 002 plane but some sharp peaks from ash components. Since the stacking structure of carbon would be overestimated due to ash components with high crystalline, their peaks should be eliminated in evaluating stacking structure. In the previous studies, although the practical manner is not mentioned in detail, the peaks from ash components have been eliminated deleting arbitrary sharp peaks and interpolating diffraction intensities of before and after peaks deleted. However, the arbitrary selection of peaks from ash components can cause variation depending on researchers.
Therefore, in this study, we proposed the following manner to avoid artifact in eliminating sharp peaks which were considered to be originated from ash components: The sharp peaks were detected evaluating the values of the first and second derivatives in diffraction intensity for diffraction angle and the range of the angle in which the detected peak exited was specified. The diffraction intensities in a range of the specified angle were then eliminated, and the diffraction intensities in the eliminated part were linearly interpolated between before and after the diffraction intensities. After elimination of sharp peaks considered to be originated from ash components, polarization, absorption, and atomic scattering factor were corrected and the average number of stacking layers of graphite's crystalline structure, Nav was estimated using the method proposed by Hirsch 10)
.
Solid-state nuclear magnetic resonance (NMR) analysis
The 13 C-NMR spectra of the samples before and after thermal treatment were measured using the solid-state nuclear magnetic resonance (ECA600, JEOL Ltd.) and their carbon aromaticity was calculated. As the measurement condition, the resonant frequency of 150 MHz and cumulated number of 10000 based on the CP/MAS method were employed. Curve fitting with Gaussian and Lorentzian distribution functions and waveform separation were conducted using the analysis software (Dmfit, CEMHTI) for the measured spectra. Fig. 1 shows one of the spectra after peak split. After peak split, the peak in a range of 93-171 ppm was identified as the one from aromatic carbon according to Yoshida et al. 11) and carbon aromaticity was calculated from its area. Therefore, the pattern obtained after smoothing operation is found to be the one from ash components. In addition, the diffraction pattern in which the peaks were eliminated using the proposed method without artificial treatment is also indicated with a red dashed line. In the diffraction pattern (red dashed line), the proposed method has successfully the Nav value is small from room temperature to 400 °C, the Nav value drastically increased from 400 to 500 °C.
The temperature range from 400 to 500 °C corresponds to the one in which softening properties appear in Coal A, Coal B, and Coal C. Therefore, it is considered that carbon hexagonal net layers had mobility, stacking structures were developed, and the Nav value drastically increased. However, In each sample before thermal treatment, the carbon aromaticity of Coal A and Coal B with higher carbon content was larger than that of Coal C and Coal D. In addition, the carbon aromaticity of Coal A had larger value for higher thermal treatment temperature. As is the same with Coal A, the carbon aromaticity of the other samples also showed higher values with an increase in thermal treatment temperature. This would be because aliphatic carbons were released as volatile matter along 
Conclusion
In this study, four coking coals different in their properties, those with and without decalcification, and those before and after thermal treatment at various temperatures were prepared. For the prepared samples, we evaluated changes in stacking structure of carbon in coal during carbonization process by using XRD technique and eliminating peaks originated from ash components from the XRD patterns obtained. As a result, the comparison of the diffraction patterns of the coal samples with and without decalcification indicated the proposed method could successfully eliminate peaks from ash components in diffraction patterns. After thermal treatment, the average number of stacking layers in all the samples increased around the temperature of 400-500 °C and slightly decreased around 500-700 °C. In addition, the average number of stacking layers of each sample tended to be larger for the sample with higher carbon content. In addition, we also investigated changes in chemical structure of coal during carbonization process by evaluating aromaticity with 13 C-NMR measurement. As a result, the carbon aromaticity became larger for higher thermal treatment temperature, and the order of the carbon aromaticity almost corresponded with that of coke contraction ratio.
